Background: Cervical spinal epidural abscess (CSEA) is a localized infection between the thecal sac and cervical spinal column which may result in neurological deficit and death if inadequately treated. Two treatment options exist: medical management and surgical intervention. Our objective was to analyze CSEA patient outcomes in order to determine the optimal method of treatment. Methods: An electronic literature search for relevant case series and retrospective reviews was conducted through June 2016. Data abstraction and study quality assessment were performed by two independent reviewers. A lack of available data led to a post hoc decision not to perform meta-analysis of the results; study findings were synthesized qualitatively. Results: 927 studies were identified, of which 11 were included. Four studies were ranked as good quality, and seven ranked as fair quality. In total, data from 173 patients were included. Mean age was 55 years; 61.3% were male. Intravenous drug use was the most common risk factor for CSEA development. Staphylococcus aureus was the most commonly cultured pathogen. 140 patients underwent initial surgery, an additional 18 patients were surgically treated upon failure of medical management, and 15 patients were treated with antibiotics alone.
Introduction
Spinal epidural abscess (SEA) is a localized infection situated between the thecal sac of the spinal cord and the spinal ligaments and vertebrae. Back pain, fever, and neurological deficit are the classic triad of symptoms of SEA, although few patients show all three at presentation. 1 Predisposing conditions of SEA include diabetes mellitus, human immunodeficiency virus (HIV), and alcohol abuse. The gold standard for SEA diagnosis is gadolinium-enhanced magnetic resonance imaging (MRI). [2] [3] [4] Although a relatively rare condition, with a historical incidence of 0.2-2 cases per 10,000 hospital admissions, 5 the incidence of SEA is on the rise, with recent estimates ranging from 2 to 12.5 per 10,000 hospital admissions. 4, [6] [7] [8] Multiple factors are thought to be responsible, including an aging population, rise in intravenous (IV) drug users, increased prevalence of medical comorbidities (e.g. diabetes mellitus), and greater rates of spinal surgery furthering iatrogenic spinal infection. Furthermore, improved medical imaging techniques and increased awareness of SEA have culminated in an escalation of diagnoses. 4, 6 Cervical spinal epidural abscess (CSEA) is a rare form of SEA. The relatively small epidural space in the cervical spine, when compared with the thoracic and lumbar spine, decreases its likelihood of infection. 3, 9 CSEA accounts for only 19% of all SEA. 5 However, CSEA is arguably a more urgent condition, due to the fact that the smaller epidural space is less permissive of abscess and inflammation. 2 CSEA may also affect breathing due to diaphragmatic innervation from C3, C4, and C5. 2, 9 This has led to reports of a poorer prognosis for CSEA than thoracolumbar SEA. 10, 11 Two main treatment options exist for SEA: medical management and surgical intervention. Generally, medical management is reserved for patients with significant comorbidities contraindicating surgery, patients having a significantly extended abscess, or patients having no neurological deficit or a neurological deficit lasting more than 48-72 h. 7 Medical management may be accompanied by a computed tomography (CT)-guided percutaneous needle aspiration of the abscess. 4, 9, 12 When surgical intervention is the chosen treatment regimen, its foremost goals include decompression of the epidural space and abscess drainage, achievement of spinal stability, and sampling of the abscess for pathogen identification. 7, 13 There is little consensus regarding the optimal treatment of SEA. While some studies indicate that surgery is the preferable method of treatment, 8, [14] [15] [16] others maintain that surgical intervention does not lead to significant clinical improvement. [17] [18] [19] Arko and colleagues found no significant difference in the outcome of operative versus nonoperative management of SEA. 7 Conversely, Suppiah and colleagues recommended that early surgery be the treatment of choice in cases of neurologically symptomatic SEA, although no differentiation in recommendation based on the affected spinal segment was made. 20 The optimum management of CSEA is unclear. No systematic review or meta-analysis has been published exclusively analyzing CSEA data. Given the rising incidence of CSEA, it is important to determine the optimal treatment. The goal of our systematic review was to assess the neurological outcomes associated with operative versus nonoperative management of CSEA patients.
Methods
This systematic review conforms to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines. 21 Improvement of patients was assessed through various outcome measures; the primary outcome of interest was neurological improvement, while secondary outcome measures included radiological resolution of abscess, independence in ambulation, and adverse events (complications, recurrences, and deaths). An unpublished protocol was prepared for internal comment.
Search strategy
A literature search was performed of Medline, EMBASE and Cochrane Library databases through June 2015 using the search terms 'epidural abscess' and 'extradural abscess'. Further refinement of the search results was accomplished using keywords 'cervical', 'operative', 'antibiotic', and their variations. In addition, an updated search of Medline via PubMed was completed through June 2016.
Identification of eligible studies
Results of the literature search were independently screened by two reviewers (AT and PG). Discrepancies between reviewers were resolved by discussion with a third reviewer (DMR) until consensus was reached.
Level 1 screening consisted of evaluation of all study information obtained through the literature search (e.g. date published, abstract, title), whereas level 2 screening consisted of evaluation of the studies' full texts. All studies passing level 1 screening, as well as studies having insufficient information to determine eligibility during level 1 screening (e.g. no abstract available), proceeded to level 2 screening.
Studies were included for review based on the following inclusion criteria:
(1) study includes radiological diagnosis of CSEA, (2) study deals with the effects of surgical treatment and/or antibiotic treatment of SEA, (3) study includes any post-treatment outcome measures, (4) study includes dose-specific antibiotic intervention, (5) study includes at least five patients aged ⩾ 18 years with CSEA.
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Studies were excluded from review based on the following exclusion criteria:
(1) study conducted before 1980, (2) study not published in English or French, (3) study only available as abstract or conference proceeding, (4) study not conducted in humans (i.e. in vitro or animal study), (5) study consists of only basic science, biomechanics, or cadaver research, (6) study deals with only Mycobacterium tuberculosis or Brucella species as cultured pathogens, (7) study deals with only immunosuppressed patients, (8) inability to extract cervical patients from total patient cohort, (9) inability to differentiate surgically treated group from medically treated group in terms of outcome measures, (10) inability to differentiate pediatric patients from nonpediatric patients.
Studies dealing with only M. tuberculosis or Brucella species as cultured pathogens were excluded, as their patient populations were not deemed to be representative of the total CSEA patient cohort. Furthermore, studies including nonextricable pediatric patients as well as studies including only immunosuppressed patients were excluded because patient characteristics (e.g. risk factors, adverse events) and indications for management of these patients differ from those of the general adult CSEA population.
Data abstraction
Data were independently abstracted from each study by two reviewers (AT and LZ). Discrepancies between reviewers were resolved by discussion with a third reviewer (DMR) until consensus was reached.
The following data were abstracted from each study:
(1) date of publication, (2) total number of CSEA patients, For the purpose of this systematic review, all abscesses were classified at their most rostral level. Therefore, cervicothoracic epidural abscesses were included in CSEAs. In addition, percutaneous needle aspiration of the abscess was not considered to be a surgical procedure.
Quality assessment
Quality assessment was completed independently by two reviewers, AT and LZ, using the National Heart, Lung, and Blood Institute's Quality Assessment Tool for Case Series Studies 22 in order to assess risk of bias in the included studies. All discrepancies between the reviewers' evaluation was resolved by discussion between them until consensus was reached. Studies meeting six to nine out of the assessment tool's nine criteria were rated as good; three to five were rated as fair; and none to two were rated as poor.
Data analysis
Meta-analysis was planned to assess the association of the type of treatment received (operative versus nonoperative) and timing of surgical intervention (early versus delayed) with post-treatment neurological outcome (improvement/stability versus deterioration) and the failure rate of medical management converting to surgical intervention. However, there was a lack of available data from identified studies due to an absence of 4 journals.sagepub.com/home/tai investigation, reporting, or sample size to allow for meaningful meta-analysis. Therefore, we made a post hoc decision to not perform meta-analysis. Individual study findings were synthesized narratively.
Results

Search results and study characteristics
The literature search retrieved a total of 927 records, yielding 629 studies for level 1 screening after removal of duplicates. Of these studies, 507 were excluded and the full texts of the remaining 122 studies were assessed for level 2 screening. A further 111 studies were excluded based on their full texts, resulting in 11 studies included for narrative synthesis. No studies revealed in our search were published prior to 1980 despite the publication date restriction. The included studies all reported findings from single-center retrospective case series. Figure 1 details the study identification and selection process.
Following quality assessment, four studies were found to be of good quality; the remaining seven studies were assessed as having fair quality. Table  1 provides a summary of the quality assessment of each study.
Of the included studies, six compared the outcome of nonoperative groups with operative groups in the treatment of CSEA, although for each of these studies, the nonoperative group accounts for only one third or less of the total patient cohort. The remaining five studies concerned only operative management.
Method of radiologic diagnosis of CSEA was reported in 10 of the 11 included studies. In all cases, radiologic diagnosis was made using independent or combined imaging involving MRI, CT, or myelography, with or without X-ray.
Outcome measures used in included studies are highly variable, with no two studies employing the same parameters. Three of the included studies used recognized spinal cord injury assessment scales; two used outcome classification scales defined within the study; and the remaining six studies employed loosely defined or nonsystematic measurement parameters, such as independence in ambulation, neurological improvement and sequelae, and return to normal function. Of the included studies, only two defined neurologic improvement for each patient in terms of the American Spinal Injury Association (ASIA) Impairment Scale (AIS), with one providing a comprehensive AIS grade, and the other reporting ASIA motor scores. The study by Wang and colleagues 33 reported ASIA results but did not differentiate between cervical, thoracic, or lumbar SEA patients, and thus we were unable to extract CSEA patient data (Table 4) .
Patient characteristics
In total, 173 CSEA patients from 11 retrospective case series were included in this review. The mean patient age was 55 years (range: 18-86 years) and 61.3% of patients were male. Patient characteristics for each referenced study's respective CSEA patient cohort are available in Table 2 . Pooled patient characteristics are presented in Table 3 .
Anatomic position of abscess was reported in 129 CSEA patients. Of these, 37.2% had a ventral abscess, 32.6% had a dorsal abscess, and the remaining 30.2% had circumferential abscesses. A majority of patients (78.6%) presented with neurological deficit. Other common presenting symptoms for CSEA included neck or back pain in 61.6% of patients, constitutional symptoms (including fever, malaise, and weight loss) in 34.8%, and incontinence or disturbed micturition/bladder in 14.3%. All percentages were calculated based on the number of included patients for which presenting symptoms were reported and CSEA patient data was differentiable from the total SEA patient cohort.
Risk factors and comorbidities
Of the 173 CSEA patients, risk factors and medical comorbidities were reported for only 150 patients and are summarized in Table 3 . In the remaining 23 patients, risk factors and comorbidities were not reported, or we were unable to extract the relevant data regarding CSEA patients from the studies' total SEA patient cohort.
IV drug use was the most common risk factor, having affected 36.7% of patients for whom risk factors were reported. Diabetes mellitus and hepatitis were the second and third most common 
Operative versus nonoperative management and outcomes
Of the included studies, 5 of 11 focused solely on the operative management of CSEA, accounting for 63 patients undergoing surgical treatment of the 173 CSEA patients. Of the six included studies that described both operative and medical management, 77 patients received initial surgical treatment, and an additional 18 patients failed medical management and received delayed surgery. Operative management of CSEA, either early or delayed, was by far more frequent than nonoperative management, accounting for 158 of 173 patients' treatment (91.3%). Outcome results for each study are reported in Table 4 .
Of the 15 patients treated with nonoperative management alone, three received a CT-guided puncture; 2 patients improved to an AIS E grade, and 1 remained at AIS E grade throughout treatment. One additional medically managed patient received percutaneous needle aspiration of the abscess; this patient exhibited paraparesis at presentation but was described as mobile post-treatment. When compared with the operative management group, patients selected for nonoperative management tended to present with less severe or no neurological deficit, or with significant comorbidities contraindicating surgery.
Cultured pathogens
Pathogen culture results were presented for 159 of 173 CSEA patients and are summarized in 
Discussion
Our review results suggest that early operative management is advisable, even in the case of neurologically intact CSEA patients. This finding arises despite, and is contrary to, the noted selection bias caused by the recent shift to treat neurologically intact patients conservatively. This selection bias, documented in our analysis, represents not only a trend but a paradigm shift in SEA treatment, which has been recorded in the existing literature. 7, 13 Of the included studies comparing operative with nonoperative management for CSEA, only two provided conclusions regarding treatment recommendations. Rigamonti and colleagues 32 recommended nonoperative management in the case of 'selected patients' with CSEA; two nonpediatric patients undergoing antibiotic treatment alone presented with either no neurological deficit or moderate neurological deficit, and both had good outcomes. Alton and colleagues 23 recommended early surgical treatment of all incoming CSEA patients, including neurologically intact patients, based on their ASIA motor score results, with the suggested optimal time to the operating room being 24 h or less. Our finding regarding the importance of early surgery in CSEA treatment is primarily based on the study by Alton and coworkers. 23 In comparison, in SEA patients, Patel and colleagues 8 found that surgically managed and medically managed groups (including both successful and failed medical management) had statistically similar post-treatment ASIA motor scores. However, the surgical group showed a net improvement to obtain these motor scores, while their medical group deteriorated from originally higher pretreatment motor scores.
The most common presenting symptoms seen in our CSEA patient population were: neurological deficit; neck or back pain; constitutional symptoms including fever and malaise; and urinary or sphincter incontinence/disturbed micturition or bladder. Together, these four most prevalent symptoms mirror the results in the SEA literature. 5, 7 IV drug use was the most frequently reported risk factor, while diabetes mellitus and hepatitis were the most common medical comorbidities, once again mirroring previous SEA findings. 7 Ventral anatomic location of abscess was more common than dorsal or circumferential abscesses in the CSEA patient population included for review. This is consistent with previous findings in the CSEA literature, 2, 23, 34 and differs from the general SEA population, wherein dorsal SEAs are most common due to the larger epidural space and epidural fat in the dorsal region. 13 Kim and colleagues 35 sought to define risk factors for failure of medical management in SEA, indicating that neurologic impairment was the most significant risk factor, with patients age over 65 years, diabetes, and methicillin-resistant S. aureus (MRSA) also identified as risk factors. Even in the absence of these conditions, a risk of medical management failure of 17% was reported. In our systematic review, failure of medical management for CSEA was described in only one study, which did not find any significant correlation between identified risk factors and failure or success of conservative treatment. The investigators attributed this finding to the exceptionally 24 3 (all CT-guided punctures) small number of patients treated successfully with medical management (25%). 23 The 75% medical failure rate among CSEA patients reported by Alton and colleagues 23 was significantly higher than medical failure rates for SEA patients. Patel and colleagues 8 reported a medical failure rate of 41%. Suppiah and coworkers 20 reported a mean medical to surgical patient crossover rate of 28.15%. Stratton and colleagues 36 found a pooled medical management failure rate of 29.3% in their recent systematic review and metaanalysis, although they highlighted the considerable heterogeneity in the literature regarding the definition of medical management failure, which hinders the comparison of treatment outcomes across studies. These results suggest that CSEA patients may be at greater risk for medical failure than the general SEA population, and therefore operative management should be considered to a greater extent in these patients. However, as only one of the case series included in this review reported medical management failure rate, further investigation is needed to confirm this comparative finding between CSEA and SEA.
Our results are similar to those reported by Howie and colleagues 37 in their systematic review on thoracic SEA, which highlights the faster onset of neurological deficit in thoracic and cervical SEA compared with lumbar SEA, and recommends immediate surgical decompression in the case of thoracic SEA presenting with neurological deficit. In addition, a recent systematic review on lumbar SEA reported that CSEA is more likely to cause paraparesis or paraplegia than SEA at any other spinal level. 38 S. aureus was the most commonly cultured pathogen in our systematic review, affecting 59.1% of patients for whom positive cultures were obtained. In addition to our pooled sex ratios and mean patient age, our results are similar to a recent systematic review on SEA that included 1099 patients by Arko and coworkers, 7 as well as an older meta-analysis on SEA in 915 patients. 5 If conservative management is selected, close monitoring paired with a high degree of suspicion for deterioration should be maintained in order to allow for emergent surgery. A notable treatment option for all patients undergoing medical management is an adjuvant CT-guided puncture or percutaneous needle aspiration of the abscess, if dorsal. Although presenting the added risk of inadvertent iatrogenic seeding of the infection into the thecal sac, 2 this led to a good outcome in all of our included patients having undergone these procedures, 24, 28 and its efficacy has been reported elsewhere. 12, 17 That being said, due to our small patient population having undergone these procedures, we cannot advocate it as a treatment of choice.
Due to the gravity of CSEA, randomized controlled trials (RCTs) in humans are unethical. Thus, our review is limited to a body of evidence that comprises retrospective case series, leading to a lack of uniformity across these studies and within their described patient cohorts. None of our included studies featured a clearly defined protocol with indications for choice of operative versus nonoperative management, or a standardized time to surgery or type of surgical decompression. Often, patient treatment decisions were made without both medical and surgical consultations upon patient presentation and were sometimes due to factors unrelated to the patient's condition (e.g. operating room availability).
With retrospective studies, reporting bias can affect the data abstracted, due to the fact that patient comorbidities, risk factors, and presenting symptoms are based on what factors the attending physician chose to report at the time. This could contribute to under-reporting for these characteristics and may account for the lack of any significant risk factors for failure of medical management.
Selection bias may also have influenced our pooled results. Of our five included studies featuring operative management of CSEA only, two specifically excluded CSEA patients having undergone conservative management, 24, 29 with one solely describing polyetheretherketone (PEEK) cage cervical ventral fusion. 29 In addition, one of our included studies concerned iatrogenic spinal infection only. 27 Inclusion of patients with iatrogenic CSEA as well as CSEA caused by M. tuberculosis may have skewed our results in favor of early surgery. Due to these constraints, the CSEA patient populations included in our review may not be generalizable to the CSEA population as a whole.
Finally, high variability across outcome measures ensured an inefficient pooling of study results.
AIS is the current gold standard for assessment of spinal cord injury, and thus its lack of pervasiveness as an outcome measure in the existing literature is indicative of the paucity of high-quality CSEA research. One of our included studies employed Frankel grades as an outcome measurement, a scale that is recognized as being outdated and limited due to its fundamentally subjective grading and failure to classify level of injury. 39 The remaining included studies employ either self-defined outcome classification scales, or qualitative, nonsystematic outcome measures. These include highly subjective and incomprehensive parameters, such as 'neurological improvement', description of gait, and independence of ambulation, which are not necessarily indicative of patients' neurological status.
Conclusion
Ours is the only systematic review on CSEA to date. On the basis of the available evidence, emergent surgical decompression and abscess evacuation is the best course of action for these patients whenever possible. This recommendation is limited by the lack of good quality research available on CSEA in the scientific literature and the small number of studies included in this review. Early surgery seems to be even more important in the CSEA population than that of thoracolumbar SEA. Even so, if medical management is chosen as a treatment modality, we recommend immediate surgical consultation paired with close monitoring for neurological deterioration, with emergent surgery remaining available. Future research in this area is needed in order to further corroborate and expand on these results. Although RCTs remain unethical, larger case series directly comparing medical with surgical management, with well-defined and objective outcome measures, are needed.
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